Study Design. Single-center, prospective study. Objective. Evaluating the responsiveness and minimal important changes (MICs) for the Scoliosis Research Society-22 Patient Questionnaire (SRS-22) in adolescent idiopathic scoliosis (AIS) and adult idiopathic scoliosis (AS). Summary of Background Data. Despite the SRS-22 properties have been investigated in various different languages, there is still a lack of information concerning responsiveness and MIC, limiting the use of SRS-22 for clinical and research purposes. Methods. At the beginning and end of multidisciplinary rehabilitation programs, 149 subjects with mild AIS (Cobb angle <258) and 140 subjects with moderate AS (Cobb angle <358) completed the SRS-22. Upon completing the programs, subjects also performed the global perceived effect (GPE) scales test, which was divided to produce a dichotomous outcome (improved vs. stable). Responsiveness was calculated for all SRS-22 domains but satisfaction with management by distribution (effect size; standardized response mean) and anchor-based methods (receiver operating characteristic [ROC] curves; correlations between change scores of the SRS-22 and GPE). ROC curves were also used to compute the MICs. AIS and 0.60 (0.751;61;82) for AS. Correlations between change scores of the SRS-22 domains and GPE were low to moderate, ranging from À0.347 to À0.667. Conclusion. The SRS-22 was sensitive in detecting clinical changes in subjects with adolescent and adult scoliosis. We recommend taking the MICs provided into account when assessing patients' improvement or planning studies in these clinical contexts.
T he Scoliosis Research Society-22 Patient Questionnaire (SRS-22) was recommended by Asher et al 1, 2 in 2003 as a means of assessing health-related quality of life in subjects with scoliosis. Over the last decade, the SRS-22 allowed a comprehensive evaluation of the disease and subjects' perceptions of the consequences of clinician choices and the effectiveness of treatments, becoming the first-choice instrument when assessing health-related quality of life related to scoliosis. [3] [4] [5] [6] From the SRS-22 properties were investigated in various languages and, given the growing amount of studies on this scale, a systematic review was recently conducted to evaluate its psychometric properties and also to provide the current level of evidence for all the available translations. 7 Although the available data showed positive ratings for more than twothirds of the investigated properties (i.e., internal consistency, reliability, and hypotheses testing), the quality assessment for the psychometric properties was affected due to a lack of information concerning some measurement properties investigated, such as responsiveness and minimal important change (MIC), limiting the use of SRS-22 for clinical and research purposes. 7 Responsiveness is the ability of an instrument to detect changes in the construct to be measured over time, whereas MIC represents the smallest change in score of the construct to be measured that patients perceive to be important. This is important for clinicians to assess the effectiveness of their interventions and to guide them during decision making.
Researchers also need such instruments to study the effectiveness of various treatments during clinical trials, for power calculations, sample size estimates, and cost evaluations and for studies of prognosis over the natural history of the condition. 8, 9 The aim of the present study was therefore to determine the responsiveness and MICs of the SRS-22 in subjects with mild adolescent idiopathic scoliosis (AIS; cohort 1), and with adult idiopathic scoliosis (AS; cohort 2), undergoing multidisciplinary rehabilitation, using both distribution-based and anchor-based methods mainly suggested in the current literature and based on the ''COnsensus-based Standards for the selection of health status Measurement INstruments.'' [8] [9] [10] [11] 
MATERIALS AND METHODS
This research was approved by the institutional review board and conducted in conformity with ethical and humane principles of research. Patients gave their written consent before participating.
Subjects
Outpatients admitted to the rehabilitation unit were enrolled between February 2007 and December 2014. The inclusion criteria were: (cohort 1) a diagnosis of mild AIS (i.e., main curve magnitude of <258).
12,13 A Risser sign of less than 2, and an age older than 10 years; or (cohort 2) a diagnosis of moderate AS (main curve magnitude of <358), 14 and an adult age. The exclusion criteria for both populations were any diagnosable cause of scoliosis, leg-length discrepancy of greater than 1 cm, lower limb deformities interfering with spinal posture, cardiac and/or respiratory dysfunction, systemic illness, previous spinal surgery, cognitive impairment, and previous participation in conservative treatments. Case histories and imaging were used to confirm inclusion/exclusion criteria.
Procedures and Outcome Measures
The participants underwent (cohort 1) an outpatient multidisciplinary rehabilitation program involving active self-correction, task-oriented exercises, and education until skeletal maturity had been reached (Risser sign 5); or (cohort 2) a 10-week outpatient multidisciplinary rehabilitation program involving active self-correction, task-oriented exercises, cognitive-behavioral therapy, and ergonomic education. Both programs had already been tested for efficacy. 15, 16 In cohort 1 no other treatments at home were advised during the intervention, whereas in cohort 2 mild analgesics (e.g., acetaminophen) and nonsteroidal anti-inflammatory drugs were permitted and an excessive use of medicines (i.e., >3 pills per day) for pain relief was checked.
The SRS-22 was administered as part of the pre-and postrehabilitation assessment. This scale is a 22-item selfreported questionnaire which covers five domains: function (five items), pain (five items), mental health (five items), selfperceived image (five items), and satisfaction with management (two items). Five response levels are allowed for each item (scored 1-5, from worst to best), and the results are expressed as the mean score for each domain. We used the Italian version, which has proved to be both reliable and valid. 17 At the end of the post-treatment assessment, we also evaluated the global perceived effect (GPE) using the question: ''Overall, how much did the treatment you received help your Health-Related Quality of Life due to scoliosis?''; the GPE was determined using a five-level Likert scale: 1 ¼ helped a lot, 2 ¼ helped, 3 ¼ did not help, 4 ¼ made things worse, and 5 ¼ made things worse a lot. 18 The questionnaires were administered by secretarial staff who checked them and returned any uncompleted part(s) to the patients for completion to minimize the rate of missing/ multiple responses.
Statistics
The same calculations as described below were determined for both cohort 1 and cohort 2.
Responsiveness for all SRS-22 domains was determined using distribution and anchor-based methods. 10, 19 The satisfaction with management domain was not included in the analysis because baseline data are not available. The distribution methods included the effect size (ES), also using the Guyatt's approach, and the standardized response mean (SRM). The ES was calculated by dividing the difference between the pre-and post-test scores by the pre-test standard deviation (SD); in the case of the Guyatt approach, the change computed for the whole sample is divided by the pretest SD calculated only for subjects who perceived an unchanged clinical status (GPE ¼ 3). The SRM was computed as the ratio between individual change and the SD of that change. For both ES and SRM, values greater than 0.20, 0.50, and 0.80 represent small, moderate, and large changes, respectively.
As an anchor-based method, receiver operating characteristic (ROC) curves using a nonparametric approach were selected. The GPE was used as an external indicator of change, and patients were dichotomized into two groups based on its scores (i.e., improved for GPE scores equal to 1 or 2; stable for GPE scores equal to 3) to specifically calculate MIC for improvement; therefore, subjects were excluded when the GPE score was equal to 4 or 5. For each value of change of the SRS-22 domains, the sensitivity and specificity were calculated and used to plot the ROC curve: the sensitivity values and false-positive rates (1-specificity) were plotted on the y and the x axis of the curve, and the area under the curve (AUC) showed the probability that a measure correctly classifies patients as either improved or unchanged. An AUC of more than 0.70 is considered to be acceptable. 8 The optimal cut off point was computed using the Youden index and taken as the MIC, which indicates the change score associated with the least misclassification. The sample size required for the ROC analysis is 50 patients per dichotomized group. 20 External responsiveness was also investigated by means of correlation analyses with an external criteria. 18 We tested the correlations between the pre-post treatment change in the SRS-22 domains and the GPE score by estimating Spearman rank order correlation coefficients. A rule of thumb for interpreting the size of the correlation coefficient considers a coefficient of less than 0.3, 0.3 to 0.5, 0.5 to 0.7, 0.7 to 0.9, and greater than 0.9 as negligible, low, moderate, high, and very high correlation, respectively. 21 
RESULTS
A total of 149 adolescents and 140 adults with idiopathic scoliosis were recruited to investigate the responsiveness of SRS-22. Both samples were mainly characterized by women (66% for subjects with AIS and 71% for subjects with AS) and the main representative type of scoliosis was thoracolumbar (42% for both populations). The mean age for both samples was 12.4 AE 1.1 years (cohort 1) and 52 AE 8.3 years (cohort 2), and the Cobb Angle of the main curve was on average 19.38 AE 3.28 (cohort 1) and 27.78 AE 5.18 (cohort 2). Tables 1 and 2 show the clinical and sociodemographic characteristics of the two study populations.
All of the subjects completed the rehabilitation program and replied to all parts of the questionnaires at both preand post-treatment assessments. No specific issues were raised during the study neither by the patients nor by the physiotherapists. The mean duration of the intervention for the adolescents was 45.2 (8.3) months. An excessive use of medicines to relieve pain was not reported for adults. The treatment proposed was well accepted by all participants as confirmed by our very high compliance rates (100%).
Figures 1 and 2 report the mean value and the SD of the SRS-22 domains before and after training for subjects with AIS and AS, respectively. Based on the GPE score 92 adolescents (62%) were classified as improved (GPE ¼ 1 or 2) and 50 (34%) as stable (GPE ¼ 3); the remaining seven subjects considered worsened their clinical condition and, therefore, were excluded from the ROC analysis. Among the adults, 80 (57%) were classified as improved and 50 (36%) as stable. Because there were at least 50 subjects in the improved and stable subgroups for both study populations, the sample size was considered adequate for calculating MIC values. 20 Table 3 shows the results of the distribution-based and anchor-based methods for determining responsiveness and MIC values. For subjects with AIS distribution-based methods showed large effects for all domains. The ES, the ES with the Guyatt approach, and the SRM were 1.45, 1.57, and 1.16, respectively, for the function domain; similar values were found for the other domains. For subjects with AS large effects were found for the function domain (ES ¼ 1.37; ES with Guyatt ¼ 1.42, and SRM ¼ 0.90), whereas large to moderate effects were highlighted for the other domains. As for the ROC analyses, acceptable values of AUC (>0.7) were found for all domains for both study populations except the self-perceived image in the adolescents' group (AUC ¼ 0.609, see Table 3 ). In general, adults showed a higher discriminating accuracy between improved and stable subjects when compared with adolescents, reporting with higher values of AUC. The MIC values ranged from 0.7 and 0.4 for the two study populations. Among adults, none of the subjects was characterized by a baseline score, which prevented any achievement of a clinically important change for none of the domains. Meanwhile, in the adolescents' group this occurred for some subjects (13, 7, 16, and 7 for function, pain, mental health, and self-perceived image, respectively). Figure 3 shows the ROC curves for the two study populations. Finally, the correlations between the change scores of the SRS-22 domains and the GPE were calculated for the two study populations and resulted to be all significant (P < 0.001). The Spearman correlation coefficients were À0.431 and À0.667 (function), À0.420 and À0.627 (pain), À0.403 and À0.547 (mental health), and À0.347 and À0.512 (self-perceived image), respectively for adolescents and adults.
DISCUSSION
This article firstly describes the estimation of responsiveness and the MICs of the SRS-22 in a population of subjects with mild AIS and moderate AS undergoing multidisciplinary rehabilitation. Analyzing the responsiveness and MIC of an outcome measure is an ongoing process and is highly recommended to strengthen its properties and expand its applicability. 11, 22 Different approaches have been used to calculate responsiveness but, as yet, there is still no consensus as to which method is the best. 19 Therefore, in the present study we used both distribution-based and anchorbased methods.
Distribution-based methods showed a large responsiveness to the rehabilitation program for all domains in the adolescents group, and a large to moderate responsiveness in the adults group. An early study demonstrated statistically significant improvements in the magnitude of changes calculated by means of paired t tests with multiple comparison adjustments that the SRS-22 was a responsive questionnaire to changes in AIS until 24 months after surgery.
2 A subsequent study adopting similar statistical approaches and conducted on adults after having undergone primary spinal deformity surgery found the SRS-22 to be a responsive measure at 2-year follow-up. In both studies estimates of ES and SRM were not provided therefore comparisons cannot be made. 23 Distribution-based methods should be used cautiously as they tend to measure the magnitude of change scores rather than their validity. 22 When a general measure of change in patient-reported outcomes such as the GPE is available and can be dichotomized into representative groups of improved and stable subjects, an anchor-based method, such as ROC analysis, is preferred as the AUC measures the ability of an instrument to discriminate between improved and stable subjects. 11 The findings of the present study showed AUC values greater than 0.70 for all domains in subjects with AS, whereas acceptable values of AUC were found for all domains but self-perceived image for the adolescents. This is in line with previous results which found that textual scales present lower psychometric abilities when assessing a multidimensional construct such as self-perceived image in comparison to pictorial scales. 24 In general, a higher discriminating accuracy between improved and stable subjects were found for all SRS-22 domains in adults with respect to adolescents. Probably, the different cognitive-behavioral components of the treatments proposed played a role in enhancing the benefits perceived by older subjects; moreover, the presence of a ceiling effect for the younger study population may further explain the lower discriminating capacity.
The optimal cut-off point estimated on the basis of ROC analysis ranged from 0.4 to 0.7 for adolescents, and 0.4 and 0.6 for adults. To proper interpret these MIC values, they should be compared with the smallest detectable change (SDC) computed for the same population, which is considered an estimate of the measurement error. SDC values for subjects with AIS can be derived from published data. 17 Using the well-accepted formula
Þ, where 1.96 is the z score associated with the 95% level of confidence, SD is the standard deviation of the baseline measurements and R is the testretest reliability coefficient, SDC values ranging between 0.1 and 0.3 were computed. Therefore, we can conclude that a change greater than the MIC is statistically significant because it is both greater than the measurement error and clinically important. 25 Two previous studies calculated MICs in AIS undergoing surgical correction. At follows-ups of 1 and 4 years, estimates on function, pain, and mental health domains (0.0-0.4 and 0.08-0.20, respectively) were lower than our findings, suggesting the role of exercises and behavioral treatment for AIS; estimates on self-perceived image domain (0.98 and 1.6, respectively) were otherwise higher than our estimates, confirming the superiority of surgery over body appearance. 26, 27 Caution is, however, needed when comparing subjects conservatively and surgically treated as deformities and patient-reported outcomes might be different. Concerning adult with scoliosis, data on MICs were unavailable and therefore comparisons could not be conducted. Despite different statistics used, a previous study conducted in subjects with AS undergoing both surgical and conservative treatments demonstrated clinical improvements in the Oswestry Disability Index, Short Form Health Survey, and SRS-22. Greater estimates were found in the group treated surgically, but some improvements were also found in the group treated conservatively, confirming the instruments' ability to detect changes in symptoms and disease as in our study. 28 The external responsiveness was also investigated by means of correlation analyses with GPE, which reflect the extent to which changes in a patient-reported outcome over a specific time relate to corresponding changes in an external standard, defined as an accepted indication of change in the condition of a patient. 10 Moderate levels of correlations were found between pre-post treatment changes in the SRS-22 domains and GPE score for adults, whereas low levels of correlations were highlighted for adolescents, confirming a slightly less capability of predicting changes in perceived treatment effect for the younger population. Similar findings were not found in previous studies and therefore comparisons cannot be performed.
The present study does have some limitations, though. First of all, the SRS-22 domains might not have been responsive to worsening outcomes as the patients who were a ''little worse'' or ''worse'' were excluded from the analyses. Secondly, responsiveness and MICs were calculated for subjects with mild AIS and AS undergoing rehabilitation, but further investigations are needed to calculate the estimates in other populations with scoliosis (e.g., greater curve magnitudes, diagnosable causes of scoliosis, after surgical interventions) as well as after longer periods of follow-up. Thirdly, the final investigation was performed just after the end of intervention, and a significant placebo effect cannot be excluded, limiting the clinical interpretation of the estimates found. Fourthly, the applicability of the present study is limited to an Italian population and similar studies are recommended for other Countries. Fifthly, the sample size was far too small to perform ROC analyses on subgroups; such analyses would have enabled to estimate the MIC values for different levels of baseline score, for example. Lastly, we did not take into account the clinicians' perspective in the definition of the anchor, which was instead based only on the patient's perception of the treatment effect.
In conclusion, the findings of the present study show that the SRS-22 domains are responsive measures in subjects with mild AIS and moderate AS undergoing multidisciplinary rehabilitative therapy. It is recommended taking these MIC estimates into account when assessing improvement or planning clinical studies on a similar sample.
Key Points
Responsiveness and MICs for the SRS-22 were calculated in 149 adolescents and 140 adults with idiopathic scoliosis undergoing multidisciplinary rehabilitation treatment by distribution and anchor-based methods. Distribution-based methods (ES and SRM) showed large effects in adolescents (0.95-1.50) and moderate to large effects in adults (0.66-1.37). ROC curves showed acceptable values of AUC (>0.7) in both populations and all domains but the self-perceived image in adolescents (AUC ¼ 0.609). MICs ranged from 0.7 and 0.4 in both populations and are recommended to be taken into account when assessing patients' improvement or planning clinical trials.
